Using high-level tasks typical of managerial decisions, this experimental study examined the influence of computer assistance on solving ill-structured problems. Of specific interest were the influences of complex and simple assistance on decision performance and decision maker attitudes. Our findings suggest that performance and user attitudes can be enhanced by technology that provides clear and simple instruction in good problemsolving practices. However, when that technology adds a complex array of technical options and features, the assistance may fail to improve or/and may even diminish performance and damage user attitudes. Familiarization with such complex technology may not improve these outcomes. The findings regarding the relationship between assistance complexity and decision performance are consistent with those of studies that suggest complexity has a curvilinear influence on performance. When considering the application of technological assistance to ill-structured decision tasks, the complexity of the assistance should not be ignored.
Introduction
The job of the managerial decision maker has changed in recent years making technology a frequent decision partner. Software specifically designed to aid decision making has evolved from desktop programs 1,2,67 into web-based decision tools. [3] [4] [5] [6] [7] However, many of these tools only aid in manipulating data when solving moderately-or well-structured problems. 8, 9 Also, as technology has advanced, so has the complexity of problems faced by managers. A full understanding of technology-assisted decision making cannot be accomplished by studying only those decisions made in well-structured situations.
Theory predicts conflicting outcomes when technology is used to assist decision making. Normative theory of decision making argues that the application of a systematic and thorough decision process guided by rational problem-solving principles should improve decision performance. The more that technology supports this type of process, the better the outcomes. Studies of computer assistance designed to assist with solving well-structured problems support this perspective. 8 Administrative decision theory, which has long argued that managers fail to make optimal decisions because of limited time and information processing capabilities (Ref. 10 , as reviewed in Ref. 11) , offers an explanation for why this perspective may not predict actual performance when using technology to make ill-structured decisions. Despite a design consistent with good decision principles, the complexity of a decision-assisting tool may tax the decision maker's information processing capacity, already challenged by an ill-structured problem, and thus limit or weaken decision performance. Evidence of this possibility appears in studies showing curvilinear relationships between influences and performance, with optimal performance achieved at moderate levels of the influence. This pattern has appeared repeatedly in research and is exemplified by the Yerkes-Dodson relationship. 66, 69 Of course, if a curvilinear relationship does exist between decision aid complexity and decision performance, perhaps practice can reduce the downturn in performance at higher levels of complexity.
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This paper describes an experimental study of the use of software decision aids when solving ill-structured management problems. Subjects were randomly selected into one of three groups: unassisted, simple assistance (instructional), and complex assistance (both instructional and process-organizing). Each subject developed solutions to two ill-structured business problems with one week between decisions. Dependent variables included four aspects of decision performance and seven decision attitudes.
Background

Decision technology and managerial decision making
Despite years of success using software to help solve well-defined problems in narrow domains, the development of software technology to help solve problems that are complex and ill-structured is rather recent and the use and effects of such technology are not fully understood. 14 Benbasat et al. (1993) , 62 Benbasat and Nault, 15 Eom,
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and Sharda et al. 13 collected or reviewed research regarding software designed to aid individual decision makers. From this work it appears that to benefit problem solving, decision assistance must enhance the user's abilities to accomplish one or more of the steps in the problem-solving process. 17, 18 Accordingly, research on computerized assistance has measured not only performance but process coordination and structural variables as well. 19 Unfortunately, the performance findings of these studies are conflicting. Some studies have found benefits while others have found none or even negative effects. 13, [20] [21] [22] The influence of computer assistance on decision performance appears to be contingent on three factors: the user, the problem, and the assistance. [22] [23] [24] [25] [26] [27] [28] Studies of decision makers' attitudes toward technologyassisted decision making have also produced conflicting findings, suggesting such attitudes are influenced by more than just the effects of the technology on decision performance. 8, 13, 23, 29, 30, 68 Attitudes leading to the intention to use decision technology are well-studied within the domain of the technology acceptance model (TAM). That model suggests the intention to use a technology is determined by the technology's perceived usefulness and ease of use. 31 However, the gap between intent and effective use of the technology is less well-studied, especially in the context of ill-structured problem-solving. The absence of a complete theory of performance when making technology-assisted, ill-structured decisions makes performance difficult to predict, but it is believed that decision performance is contingent at least in part on task complexity. 32 Ill-structured problem solving is inherently difficult. 33 Computer assistance, while offering to organize information and help navigate this difficult challenge, can also increase the complexity of the decision process. Despite this threat, practice may reduce this perceived complexity. Longitudinal studies which examine the evolving interaction between the decision maker and the aid point to this possibility (e.g., Ref. 13) , finding that performance may improve with familiarization.
Ill-structured decisions and the complexity of decision assistance
An important component of this study is the incorporation of ill-structured problems typical of many real managerial situations. Ill-structured, also called wicked or strategic, problems are novel, unstructured, complex, and consequential. For these problems, routine methods of problem-solving are precluded because the problem is complex, its nature elusive, or the issue so important that a unique approach is required.
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The complexity of decision aids is also of interest because decision software is becoming increasingly complex at the same time that problems are increasing in complexity. Even though a wide variety of potentially beneficial features are designed into a decision aid, a natural side effect of increasing the number and variety of features is an increase in perceived complexity. Furthermore, in light of evidence that performance influences often have nonlinear effects (Johns, 2006) , the relationship between complexity and decision performance may not be simple.
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Complexity is the minimum amount of information needed to communicate something and is usually invoked relative to something accepted as "complex".
65
In organizational decision making, complexity challenges information processing capacity and gives rise to uncertainty about performance. In systems designed to manipulate knowledge for the benefit of a decision maker, complexity arises from both the knowledge and the system that manipulates that knowledge. 35 When the system is an aid to ill-structured decision making, the considerable complexity that exists in the problem can be magnified by aid complexity.
There are two broad dimensions to aid complexity. The first is the breadth, or number of steps in a decision process addressed by the aid. The second is the depth, or degree of assistance offered at each step in the decision-making process. Although more complex decision aids promise more power and versatility, the added complexity can induce stress during aid use and can tax the information handling capacity of the decision maker, especially when solving ill-structured business problems.
Hypotheses
The first hypothesis accepts that the multiplicity of features of a decision aid increases perceived complexity which may then affect performance. If the degree of complexity and not simply the range of features of the aid affects performance, this might help to explain conflicting research findings regarding the performance benefits of decision aids. Hypothesis 1. Decision performance will be influenced by the complexity of computer assistance.
Even if a complex decision aid does not provide immediate benefits, experience may. Familiarization may speed and facilitate the effective application of useful software features. Positive attitudes toward assisted problem solving might accompany these improvements. Alternatively, familiarization may yield disappointment with the benefits of the technology, which are not as direct as with software that assists well-structured tasks, and therefore reduce the motivation to learn to effectively use the software. User attitudes might then suffer since complex software includes more options to be identified, mastered, and integrated, as well as more opportunity to encounter difficulty. It is also possible that user performance and attitudes could diverge with practice because the user is distracted by aid complexity that channels attention away from effective problem-solving and toward the technology. In that case, attitudes would be determined by interaction with the technology rather than by the technology's effect on problem-solving. While the user may appreciate the complexity of the software system, performance may not correspondingly benefit and attitudes would derive from engaging the software and not from effective problem-solving.
Research findings are not completely consistent regarding the effects of decision aid familiarization on performance but on balance the evidence suggests that familiarization produces favorable results. Whelan et al. (2003) 68 provided a noncomputer-based aid to female breast cancer patients and found that knowledge about breast cancer and satisfaction with the aid were increased by aid use. The benefits of experience should be greater for a relatively more complex technology
Computer Assistance Decisions Making 411 because experience enables the selection, adaptation, and integration of more technology features. However, an alternative argument exists for ill-structured problemsolving in that assistance is frustrating to apply to such problems, making the shortcomings of such assistance especially prominent. 36 Those shortcomings do not disappear with practice. In addition, the added complexity and difficulty of integrating computer technology into the decision process may, while seeming relevant, distract the decision maker from a good problem-solving process. Integrating technology into the process might even confuse the user about success at navigating the technology and success at making a quality decision. The result is that assisted decision makers may invest time and effort in the technology that would better be used solving the problem. We therefore propose this hypothesis:
Hypothesis 2. The performance of technology-assisted decision makers will be influenced by familiarization with the decision aid.
Attitudes toward computer-aided decision making differ in part from attitudes toward other aspects of management because computer use is typically more solitary and less socially visible than many other managerial tasks. This suggests attitudes toward the decision process may adhere more to predictions offered by classical expectancy theory which focuses on an individual process 37 than to the predictions made by socially-shaped theories of attitudes. 38, 39 If computer assistance improves performance and produces associated intrinsic rewards, the result will be positive attitudes toward the technology and the decision process. However, the findings from research do not unequivocally support such a straightforward relationship. Some research finds that nonroutine tasks dampen attitudes toward associated technology. 36 This effect seems to result from frustration with difficult-touse technology and discovery of the technology's limitations when solving complex and uncertain problems. Conflicting and unclear findings in other studies might be explained by the many other factors that influence decision attitudes. 8, 13, 23, 29, 30, 68 In general, we expect that the richness of interaction with computerized assistance will influence decision attitudes and this effect will be reinforced by repeated decision making. Therefore, we offer these hypotheses: Hypothesis 3. Decision maker attitudes toward the decision process and toward problem solutions will be influenced by the complexity of computer assistance.
Hypothesis 4.
The attitudes of technology-assisted decision makers toward the decision process will change with familiarization more so than the attitudes of unassisted decision makers.
Method
Subjects
A total of 90 subjects were recruited for this experiment. All were students or very recent graduates (distributed as approximately 82% upper level undergraduate and 18% master's level students) in the business school at a large Midwestern university. There were 41 males and 49 females, nearly evenly distributed across conditions. The average age of subjects was 23.2 years. Each subject had considerable familiarity with routine computer use but no experience with decision-assisting software.
Experimental design
Subjects were randomly assigned to one of three computer-assistance groups: no assistance, simple instructional assistance, and complex assistance. Simple assistance consisted of a software program that provided a barebones description of a normative, multi-step decision process. It also provided a tool for listing and scoring potential solutions. The complex assistance was a commercial software program supporting the same rational decision process described by the simple assistance. However, this software differed from the simple assistance in the: (1) wide variety of ways assistance was provided at each stage of the decision process and (2) extent of interactive assistance requiring input from the user.
a Some options were interdependent in that choice of an option might require additional choices among other options to complete a decision step. The complex assistance also offered many utilities to facilitate printing, storage of intermediate work, and rework of earlier steps. It also provided a flow chart of the decision process and help screens. These features added typical complexity that distinguished the complex from simple assistance.
All subjects analyzed two short business cases, seven days apart, enabling subjects to practice using the decision aid. Both cases have been used in a previous study and were found to be viewed by subjects as comparable in difficulty and interest. 23 Although the hypothesis tests do not depend on the order of case presentation, the order of the cases was controlled to standardize conditions for all subjects.
b,c,d
a Our interest was in the role of the complexity of decision-assisting software in determining the effects of familiarization rather than in familiarization per se. In addition, we were concerned about potential contamination across conditions if a case completed by one group at time 1 was later completed by another group. As such, as noted below, one case was administered to all subjects at time 1 and a second case at time 2. While the cases were chosen because they have been found to be similar on important dimensions, the design nevertheless precludes conclusions regarding learning for all subjects but enables conclusions regarding learning for assisted subjects versus unassisted subjects. b In the Veteran's Day case, the labor relations department of a financially troubled railroad is trying to save $100,000 by arranging for employees to observe Veterans Day on November 11 rather than October 27 as established in the union contracts. One of approximately 30 brotherhoods has scheduled a celebration for October 27 and will not agree to the change. The other brotherhoods seem to want unanimity before agreeing to the change. A deadlock, and the threat of more serious labor problems, face the decision maker. In the World Electronics Company case, a young entrepreneur has recently sold or shut down his successful retail store in order to concentrate his efforts on mail-order sales. However, his catalog is receiving poor response from customers. He does not know the reason for this. c Decision Aid II, Kepner-Tregoe. d In some situations it may be permissible to test in one decision situation and generalize to another. For instance, while models of man 61 are primarily intended for application in situations
Instructions to subjects
Each subject in the two assisted treatment groups was told how to start his or her particular decision aid but was not given additional instructions. This was done to minimize external influence on process attitude measurements. 40 Technical help was available from the experimenter to answer subjects' questions regarding program command syntax. In eight instances, a computer failure required restart of the program. Help was not provided for interpreting or analyzing the problem situation and similar numbers of technical questions were raised by the users of each aid. Subjects were instructed not to indicate in their solutions whether or not assistance of any type was used. All cases were typed prior to evaluation.
Dependent variable measures
Two scales, the 14-item decision report characteristics scale and the 28-item decision process and solutions scale both developed for decision aid research by Aldag and Power, 23 were used to measure the dependent variables.
Decision report characteristics (decision quality)
This 14-item scale was designed to measure performance at solving any illstructured decision problem by assessing the extent to which elements of a normative decision process appear in the solution. Choices in ill-structured situations cannot be judged as correct 41 making multi-item subjective measures of decision quality desirable. Factor analysis of data from previous research identified five dimensions which were used in this study: (1) logical analysis (items 1, 2, 6, 7, 13, and 14), (2) problem elucidation (items 8 and 11), (3) rater's affect toward the solution (items 3 and 4), (4) decision flaws (items 5 and 10), and (5) alternative generation (items 9 and 12). Responses to scale items ranged from 1 (completely disagree) to 5 (completely agree). The performance measures are not case specific. In this study, reliability (coefficient alpha) values for the five decision performance measures were (average of both cases): (1) logical analysis (0.97), (2) problem elucidation (0.99), (3) rater's affect toward the solution (0.93), (4) decision flaws (0.69), and (5) alternative generation (0.94). The decision flaws measure was not entered into further analyses due to a reliability value much lower than that of the other quality measures and slightly below the accepted level for research (i.e., 0.70 42 ). Three doctoral students at a major Midwestern university served as expert raters in which there is no objective criterion measure, and for which development of an actuarial model is impossible, the validity of such models is tested in situations where an objective criterion is available. In that case, however, there is no fundamental difference between the decision situation of interest and that employed in the study; they differ only on the presence or absence of a criterion variable. In the situation examined in this study, this is not the case; ill-structured and structured problems differ in critical ways that preclude generalization from one to the other. and used this scale to score each subject's case solutions. Each rater was compensated for evaluating both reports from each of the 90 subjects. Raters were told only the general nature of the study and were blind to information regarding treatment condition. Average interrater reliabilities were 0.80 for case 1 solutions, 0.80 for case two solutions, and 0.88 for combined solutions to cases 1 and 2. (7) positive affect toward the process (items 5, 9, 17, and 25). The scale was completed twice by each subject, once after solving each case problem. Responses to each item in this scale ranged from 1 (completely disagree) to 7 (completely agree). Reliability values in this study for the seven attitude measures were: (1) confidence in decision quality (0.84), (2) 
Attitudes toward the decision process and solution
This scale measures seven user attitudes toward the decision process and his or her case solution: (1) confidence in decision quality (items 2, 8, and 20), (2) enhancement of problem-solving skills (items 6, 14, and 19), (3) satisfaction with resource expenditure (items 4, 12, 18, and 22), (4) perceived acceptability of solution (items 3, 11, 16, and 24), (5) perceived process structure (items 1, 13, and 21), (6) perceived process adequacy (items 7, 10, 15, and 23), and
Results
A correlation matrix for all dependent variables is presented in Table 1 . Dependent variable means and standard deviations for each treatment condition appear in Table 2 . An examination of the values in Table 2 indicates that both performance and user attitudes were generally more favorable for subjects in the simple rather than the complex condition or unassisted conditions. This contrast is greater between the simple and complex conditions. The trend in decision performance from case 1 to case 2 favored both simple and complex software users over unassisted decision makers on every performance measure for the simple group and on three out of four measures for the complex software users. The exception for the complex group was problem elucidation for which the complex and unassisted groups exhibited similar change.
Although not of direct interest to the hypotheses in this study, performance for the unassisted subjects generally declined from case 1 to case 2. This is probably not due to case content because the same cases were analyzed by all three groups and no similar differences in the cases have appeared in other studies. 23 It may be due to subject characteristics or the 1 week delay between cases 1 and 2. It is also possible that the experience of solving the first ill-structured case was frustrating and reduced subjects' motivation for case 2. Analyses were performed using the general linear model (GLM) module in SPSS. Because the relationship between aid complexity and the dependent variables was not assumed to be linear, both linear and polynomial effect tests were conducted for complexity. The analyses were first conducted for the performance variables (hypotheses 1 and 2), then for user attitudes (hypotheses 3 and 4). Separate analyses were performed because measures of these dependent variables came from independent sources. Complexity significantly influenced performance (F = 2.976, p < 0.01). When separated into linear and quadratic components, the nonlinear components better explained logical analysis, problem elucidation, and alternative generation. This nonlinear relationship is visible in Fig. 1 , which depicts average performance scores for each of the three treatment groups. Consistent with other studies that have found curvilinear performance relationships, access to simple assistance improves performance but this positive effect does not appear when the assistance is more complex. Unassisted decision makers and those using complex assistance varied little on any of the four performance dimensions while those using simple assistance consistently performed better. Hypothesis 1 is supported.
To test hypothesis 2, that familiarization with a decision aid would influence the performance of assisted decision makers, an analysis was performed using a dummy variable to distinguish assisted from unassisted decision makers. Although the performance trend from case 1 to case 2 was better for the assisted than the control subjects on all four performance dimensions, the magnitude of this effect was not significant (F = 0.972, ns) and Hypothesis 2 received insufficient support.
A multivariate test performed for the seven decision attitudes was also significant for the complexity of assistance (F = 2.369, p < 0.01). Therefore, hypothesis 3 was supported. The nonlinear relationship between the complexity of assistance and decision maker attitudes is apparent in Fig. 2 . A look at univariate results reveals that the influence of complexity on decision attitudes was significant for the decision maker's confidence in the decision, enhanced problem-solving ability, perceived acceptability of the solution, process structure, and positive affect. These findings indicate that a broad array of attitudes was influenced by complexity. A closer look finds that those attitudes were more favorably influenced by simple assistance than by complex assistance which failed to enhance and even diminished the favorability of some attitudes relative to those of unassisted subjects.
With familiarization, attitudes improved more for users of simple assistance than for subjects in either of the other two groups. To test hypothesis 4, that assisted decision makers would experience a greater attitude change from case 1 to case 2 than unassisted decision makers, another analysis was performed comparing assisted with unassisted decision makers. The change in attitudes among assisted decision makers was more positive than for those who were unassisted. This was always true for those using simple assistance but less often so for those using complex assistance. However, the magnitude of improvement was not significant (F = 0.784, ns), failing to provide sufficient support for hypothesis 4.
In sum, simple assistance tended to enhance performance but complex assistance failed to produce the same benefits. This pattern was also exhibited for decision attitudes -the most positive attitudes were reported by users of simple assistance. Post-hoc interviews with subjects did not identify any unique technical frustrations or attractions associated with either of the decision aids but confirmed that subjects thought the complex aid added complexity to the decision process while the simple aid was informative.
Discussion
Making complex and ill-structured decisions, with or without the assistance of computer technology, is a difficult challenge. 43, 44 Although research has shown that task-specific software is helpful for unambiguous tasks, the application of computer assistance to complex and ambiguous decisions does not necessarily lead to quick or assured benefits.
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In this study, decision makers not only made better decisions but also viewed the decision process and their solutions more favorably when they used assistance that was simple and taught a normative decision process than when they were provided with a more complex and supposedly more functional aid structured around the same normative process. These results for ill-structured decisions call for caution when generalizing from the findings of studies that incorporate well-structured problems. The findings of those studies may not generalize to actual managerial situations where the problems are ill-structured.
The complexity of decision-assisting technology may show a curvilinear relationship with decision performance, initially benefiting but eventually weakening performance as the costs associated with heightened technological complexity overcome the benefits. Experience with the technology may not improve this relationship. The findings of this study discourage responding to increasingly complex problems by increasing the complexity of decision assistance. The very technologies designed to assist managerial problem solving may tax the manager's limited cognitive resources, as was noted long ago by Simon.
10 In addition, the inherent attractiveness of decision technology may draw cognitive resources to its manipulation and mislead the decision maker into believing the benefits of assistance are greater than they really are. These possibilities should be considered by both designers of decision aids and scholars studying the effects of technology on decision making. It is also possible that the most valuable benefits of assistance when solving illstructured problems are found in teaching the process rather than in facilitating the elements of the process. Assistance that does not overwhelm the decision maker but that provides simple guidance in good decision making can improve decisions, as found here.
Despite the fact that the complex aid was theoretically sound and provided many avenues of support, results were more favorable for the relatively simple, even skeletal, aid that provided uncluttered instruction in decision making. Familiarization benefits also appeared stronger for users of simple assistance than for those using complex assistance. This is especially surprising in view of the fact that most users had considerable computer, if not decision aid, experience. While these results could be interpreted as with evidence of the technical superiority of the simple aid, the technical limitations associated with that aid argue against this conclusion. The simple aid provided none of the sophisticated breadth and depth of the complex aid. It had a limited options menu, performed primarily by providing textual explanations that could have been easily read in printed form, and provided a module for scoring alternatives that was very limited. However, unlike the complex aid, the simple aid apparently did not distract the user with its complexity. It is conceivable that subjects felt it was appropriate or equitable to devote a certain amount of time to the task, and that those who spent more time and effort on aid manipulation (i.e., users of the complex aid) spent correspondingly less on the case solution report. Hence, future research must consider motivation to use a decision aid as an influence on effective aided decision making. In addition, attention is drawn to the difference between an aid that instructs the user about how to make effective decisions and an aid that performs complex tasks but fails to guide the user in understanding the process of effective decision making.
It could be argued that additional familiarization may have improved responses to the aids, and particularly to the complex aid. It may require repeated use of an aid to arrive at consequences of interest. 21 However, in view of the difficulties that are experienced in attempting to convince individuals to use and apply computerized decision aids and the persistence of early negative attitudes toward a technology (e.g., Refs. 46 and 47), it seems unlikely that aid users, unless forced to do so, would continue to persevere in their search for an upswing in the learning curve. As such, early experience with the aid is critical; if such experience is negative, there will likely be no later experience, positive or negative.
Considerable attention has been paid to the generalizability of findings from student samples. [48] [49] [50] All subjects in this experiment were business students with a minimum of two years of college. Each had some work experience and some instruction in case analysis and decision making. Therefore, each had sufficient skill to perform the experimental tasks and to compose a report describing his or her analysis and recommendations. Despite these points, it cannot be assumed that the findings would be the same if the subjects were more experienced in management and had real relationships with the organizations described in the cases. A manager in one of those organizations would likely consider the implications of solutions more seriously and devote more effort to using and learning the software. For actual managers, the range of possible solutions might differ as might the speed of evaluating alternatives, which could influence not only decision quality but also attitudes toward the process. Further study with diverse samples is therefore important for establishing the generalizability of findings.
Some directions for future research are evident. The literature suggests that a complex array of variables, including -but not limited to -technology characteristics (e.g. Refs. 51, 52, 64) , task characteristics (e.g. Ref. 53) , and user knowledge, expectations, and motivation (e.g. Refs. 3, 22, and 54), interact to influence the decision process and outcomes. Each warrants study.
Future studies of the impacts of decision-assisting technology should also carefully consider which characteristics of the technology most influence outcomes of interest. This is not to focus attention exclusively on the technology but to focus attention on characteristics of the technology that users choose to apply and that best fit the decision context. For most users, many elements of large software programs are used little or not at all. The emphasis on features designed into a decision aid may differ from the emphasis on features preferred by users. The aid's inherent complexity may make useful features slow to access or difficult to use as users seek to incorporate those features in their decision process.
Further consideration of the influences of individual differences may also prove insightful (e.g. Refs. 23, [55] [56] [57] [58] [59] . In addition, the match between the technology and the user's problem-solving process, 3, 21 attitude toward the decision technology, 46 or gender 58 may influence familiarization. While decision-assisting technology advances and takes on new forms, 6,9,14,60 the complexity of decision making will continue to increase. Future research of decision technology must not overlook interactions among the user, problem, technology, and the organization, each of which is part of the decision process. It is the interplay between these factors that shapes modern decisions.
